At different extracellular pH values fractional extracellular space (calculated from the distribution of 3H inulin) and fractional water content showed no significant differences. 72 h after nephrectomy both variables increased significantly. An exception to this was brain, where fractional extracellular space decreased and total intracellular water increased as a sign of brain oedema.
Summary
At different extracellular pH values fractional extracellular space (calculated from the distribution of 3H inulin) and fractional water content showed no significant differences. 72 h after nephrectomy both variables increased significantly. An exception to this was brain, where fractional extracellular space decreased and total intracellular water increased as a sign of brain oedema.
Several indicator substances have been studied for the determination of extracellular space in animal and man. The results indicate that each substance has its own pattern of distribution, so that comparison of estimates of extracellular space obtained by different methods is uncertain. There are few publications about the extracellular space and total water content of laboratory animal tissues, and none reporting investigation of the relation between extracellular pH (pHe) and extracellular space and total water content. We determined the fractional extracellular space (FECS) of various rat tissues with 3H inulin at different pHe values and after uremia of 72 h.
Materials and methods 28 male Sprague-Dawley rats (bodyweight 250-300 g) were anaesthized with halothane and artificially ventilated by an intratracheal tube with a Starling respiration pump. Bilaterally nephrectomy was carried out. Polyethylene catheters were implanted into the left carotid arteria and jugular vein, and brought subcutaneously to the nape of the neck to exit. After preparation the animals were placed in a sealed chamber which was ventilated by normal air. The catheters were led over a small wheel fixed on the top of the chamber, and held stretched by a little counterweight. This allowed the rats free movement. For determination of extracellular water the rats got 21 ,uCi 3H inulin. To change pHe, carbon dioxide concentration in the chamber was varied from 1-10%, or 1 m bicarbonate up to 22 mmol/kg was given. 3 experiments were performed: breathing of air by 9 rats; breathing of 1-10% CO 2 in air by 11 rats; breathing of air and infusion of bicarbonate by 8 rats.
In another series 7 rats were nephrectomized bilaterally 72 h before injection of inulin. They were offered food and water ad libitum and breathed unsupplemented air. The bicarbonate solution had 7-10% CO 2 bubbled through it to avoid excessive local alkalinity of blood before complete mixing. The animals were left for 2 h to recover from anaesthesia. An equilibration time for inulin of 3 h was adopted, both to permit comparison with the results of White & Rolf (1957) , and because it appeared from the literature that a period of 1·5-3 h was the best. Arterial blood was taken anaerobically 3-5 h after the start of the experiment and the rats were killed. Plasma pH was measured repeatedly and plasma samples were prepared for determination of extracellular 3H inulin. From each animal up to 50 tissue samples of different muscles and parenchymal organs were taken for determination of fractional extracellular space and fractional water content. The samples were weighed and dried for 24 h at a temperature of 110°C and weighed again in order to determine the total water content. Tissue and plasma samples, after being absorbed on filterpaper pills, were oxidized in an automatic tri-carb sample oxidizer and the activity of 3H inulin was determined in a liquid scintillation spectrometer.
Measurements .Extracellular pH. Before the rats were killed 4 measurments of pHe were carried out at 37°C with glass microelectrode equipment (BMS 2 MK2; Radiometer A/S, 72 Emdrupvej, 2400 Copenhagen NV, Denmark) and the mean values taken. The calibration of the electrodes was carried out with precision phosphate buffer solutions from the same company.
Determination of dry weight was made after drying the tissue samples for 24 h at 110°C.
Determination of activity. Tissue samples were dried on filter paper and oxidized in an automatic tri-carb sample oxidizer. The 3HOH activity was determined by liquid scintillation technique. For determination of extracellular 3H inulin activity 4 plasma samples of 100 ,ulwere absorbed on filterpaper pills and oxidized.
Calculations
Fractional total water content was determined by the formula:
Fractional extracellular space was determined as the ratio of extracellular muscle water volume (Vern)and total tissue water (V rn)from the concentration of 3H inulin in tissue water ([inulin]rn) and in plasma
Results
The fractional extracellular space (FECS) and fractional total water content (FHP) of 14 different rat tissues was investigated at 3 different extracellular pH values, and 72 h after bilaterally nephrectomy. The following tissues were investigated: No significant differences in FECS and FHp values were found between the different skeletal muscles, which are therefore summarized as 'skeletal muscle' in Tables 1-5. At different pHe values, 7·537, 7·373 and 7·196, no significant differences in FECS and FHP were found in the same tissue: Table 4 presents a summary of all the values. In Table 5 the results from rats nephrectomized 72 h prior to inulin application are shown. With the exception of brain, FECS and FHP of all rat tissues increased significantly compared to those of intact rats (Table 4 ).
Discussion
Investigations have been made of whole body extracellular space and total body water content in man and Rothe other animals. Many methods have been described and compared (inulin, stable and radioactive bromide, radioactive sodium or chloride, thiocyanate, radiosulphate, sucrose, mannitol). The results obtained with these methods differ and every substance seems to Rat extracellular space and water content Table 4 . Summary of all results for fractional extracellular space (FECS) and fractional total water content (FH20) in rats given in Tables 1,2 and 3 Means ± se
FECS FH20
Heart 
FECS FHP
Heart *0·301 ± 0·020 *0·791 ± 0·006 (n = 12) (n = 14) Brain 0·028 ± 0·003 0·779 ± 0·003 (n = 12) (n = 14) Spleen *0·285 ± 0·017 *0·802 ± 0·005 (n = 12) (n = 14) Liver *0·267 ± 0·008 *0·717 ± 0·002 (n = 36) (n = 42) Skeletal *0·158 ± 0·005 *0· 776 ± 0·001 muscle (n = 117) (n = 140) have its own volume of distribution. So Winkler, Elkinton & Eisenman (1943) made simultaneous determinations with CP6, N a 24 and thiocyanate in dogs, and found the volume of distribution for these markers to be respectively 25, 28 and 36% of the bodyweight. In simultaneous tests with Na 2 4, sodium thiocyanate and inulin Gaudino & Levitt (1949) obtained values which were respectively 30, 34 and 19% of the bodyweight.
Whole body extracellular space and total body water decrease with age. There exist significant differences in the mean body water content between males and females. Body water composition can be readily influenced by external influences. Obvious changes in the body water components can result from water poisoning, exsiccation, and loss of electrolytes by continuing vomiting or diarrhoea. It was the purpose of this investigation to see whether different pHe values or uremia influence fractional extracellular space and fractional total water content of various rat tissues. For determination of 173 FECS it is not necessary to know the exact amount of the indicator substance injected, thus eleminating a possible source of error. It can be seen from Tables 1-3 that FECS and FHp show no significant differences at different extracellular pH values, and these results are summarized in Table 4 . A similar investigation was published by White & Rolf (1957) with somewhat different results. After an equilibration time of 3 h for inulin they found an ECS of 13·7% for skeletal muscle, which is in good agreement with our own results (Tables 1-4 ). However, with spleen and liver they found 14·1 and 18·6% respectively, which does not accord with our results. Cohen, lies, Barnett, Howell & Strunin (1971) found an ECS of 27% for perfused rat liver. Our results for FECS of spleen and liver are 0·232 and 0·206 respectively. The differences can perhaps be explained by the different techniques used. In addition to the results of White & Rolf (1957) , we also determined the FECS of heart and brain. In the case of brain the nature and the extent of ECS remains still controversial.
Values up to 39% (Kibler, O'Neill & Robin, 1964) have been reported, dependent on the method of determination. Our results for FECS of brain of 0·035 are in good agreement with the values from Woodward, Reed & Woodbury (1967) who found after i.p. application of inulin values of between 2 and 3% for brain ECS. They supposed that equilibration of inulin in brain is limited by the blood-brain barrier, and showed with ventriculocisternal perfusion of rat brain in vivo, using 14C inulin as an extracellular marker, that the inulin space of the cerebral cortex reached a constant value of 13·5-14·5% of wet weight after perfusion for 6 h. Woodbury, Timiras, Koch & Ballard (1956) showed that radiosulphate eq uilibrated only with 3·9% of total brain volume during the first 16 h after i.p. injection. Barlow, Domek, Goldberg & Roth (1961) found a sulphate space of 2-4% for brain in 6 h. Davson & Speziani (I 959) found a chloride space of 32% for rat brain slices in vitro. Kibler et al. (1964) reported a chloride space of 39% of total brain water.
White & Rolf (1957) nephrectomized rats 24 h prior to the injection of inulin, and found no significant differences between the tissues of these rats and those of the controls. Our results indicate that 72 h after nephrectomy there are, with the exception of brain, highly significant differences for FECS and FH 2 0 between the tissues of these animals and the rats injected at the time of nephrectomy.
These indicate the breakdown of the normal liquid regulation among the different body compartments.
All organs, with the exception of brain, show 72 h after nephrectomy a decrease in total intracellular, and an increase in total extracellular, water. In the case of brain the conditions are reversed: extracellular water decreases and intracellular water increases, leading to brain oedema.
